WD 2005/ 113722 PCT/ US2005/ 017696 -1 STEAM CRACKI NG OF LI GHT HYDROCARBON
FEEDSTOCKS CONTAI NI NG NON- VOLATI LE  COVPONENTS AND/ OR COKE PRECURSORS FI ELD
OF THE | NVBIFH@NI130%3%01] The present invention rel ates to RiTRUSpEHNTERacki ng
of light hydrocarbon feedstocks that contain relatively non-volatile
conmponents and/or coke precursors. BACKGROUND OF THE | NVENTI ON [ 0002] Steam
cracking, also referred to as pyrolysis, has |long been used to crack

vari ous hydrocarbon feedstocks into olefins, preferably |ight ol efins such
as ethylene, propylene, and butenes. Coniventional steamcracking utilizes a
pyrol ysis furnace which has.two main sections: a convection section and a
radi ant section. The $VEAM TTHOOKINEHOFICIGHINITARGCARBON t he convection
section of the furnacepprppRTOAKETORIENINGE®NONSGL AW ol ecul ar wei ght

f eedst ocks which enter Cmﬁowg%?kﬁ%ﬁkﬂmom k)s heat ed and

vapori zed by indirect contact ue gas € radi ant section
and, to a lesser extent, by direct contact wwth steam The vapori zed
f eedst ock and k£ ﬂcir[xlg[ﬂr NeNTIBR i ntroduced into the c radiant section
where the cra . resulting products including olefins
| eave the pyrodgmis fur mgepfsntf mbeMth dauRstioed® RcameshicRihg ofClighli ng
quenchi ng. [0003] Pyrolysis involves heating the feedstock sufficiently to
cause t her mahydiecabpin fe¢dstrke fihiat entam gelrtivay exubedatild venppnailty sind/gpr ocess,
however, produces nol ecul es which tend to conbine to form high nol ecul ar
wei ght  mat er FR¥SPRABHISas tar. Tar is a high-boiling point, viscous,
reactive material that can foul equi pnment under certain conditions. In
general , feedstocks containing higher boiling materials tend to produce
gr et er quant igAERGHOUND OIOPAEINVENTROMAL i on of tar after the pyrolysis
ef fluent | eaves The steam

[0002] Steam cracking, also referred to as pyrolysis, has long been used to

crack various hydrocarbon feedstocks into olefins, preferably light olefins such as
cthylene, propylene, and butenes. Conventional steam cracking utilizes a
pyrolysis furnace which has two main sections: a convection section and a radiant
section. The hydrocarbon feedstock typically enters the convection section of the
furnace as a liquid (except for light low molecular weight feedstocks which enter
as a vapor) wherein it is typically heated and vaporized by indirect contact with
hot five gas from the radiant section and, to a lesser extent, by direct contact with
steam. The vaporized feedstock and steam mixture is then introduced into the
( ' radiant section where the cracking takes place. The resulting products including
olefins leave the pyrolysis furnace for further downstream processing, including
quenching.
[0003) Pyrolysis involves heating the feedstock sufficiently to cause
thermal decomposition of the larger molecules. The pyrolysis process, however,
produces. molecules which tend to combine to form high molecuiar weight
L materials known as tar. Tar is a high-boiling point, viscous, reactive material that
can foul equipment under certain conditions. In general, feedstocks containing
higher boiling materials tend to prodﬁce greater quantities of tar.
[0004] The formation of tar after the pyrolysis effiuent leaves the steam

cracking furnace can be minimized by rapidly reducing the temperature of the



cracking furnace can be mnimzed by rapidly reducing the tenperature of the
WO 2005/ 113722 PCT/ US2005/ 017696 -2 effluent exiting the pyrolysis unit to
a level a i C e tar-formng reactions are greatly slowed. This cooling
whi ch rrayh]l%\gg%/ﬂllsté%ed in one or nore steps and using onBCHUSHBIBITA hods i s
referred to as quenching. [0005] Conventional steam cracking systens have
been effective for cracking high-quality feedstock which contain a |arge
fraction of light volatile hydrocarbons, such as gas oil and napht ha.
However, steam cracking econom cs sonetinmes favor cracking | ower cost heavy
f eedst ocks such as, by way of non- limtinhg exanples, crude oil, and

at nospheric residue. Crude oil and atnospheric residue often contain high
nol ecul ar wekdhent edting tlegnirolgsis onisdmatevs! & whichibe farfgrpisgnessctions aecess of

590C (1100F) ot herw se, known asphal tenes,  bitumen or resid. Th

non-vol at i | e SEAHBSINRS SIS iealne PULSTREIPE 1P vad R Og or bR Stopsand
convection segti i Ss(hl% aces. Only very low |evels,
of . non-.vol atlS éégg%%%%@ﬁﬁg@gﬁgﬁggﬁegﬁeﬁa%e Pélm% e convection secti on

downst ream ofggpsp POi NICoAR@ftRINEN &tdaind RERKINGO BPRARN tivBabeen efikotiveapsr | zed.
[0006] In nost conmercial naphtha and gas oil crackers, cooling of the

ef fl uent froorackieg driglolguaigy fisedstaxd whichaontilin ¢ lacde Gadtbrusf tightavelgsleem of

transfer |ine_heat  -exchangers, a primary fractionator, and a water quench
tower or i ndfYEeEarbeRs, geHsEY gasmbarsc{ %ﬁf@er@wwﬁ: FlRAm CaRfkang eqoppmics

crehangers oainiatoBink okt OnakPLATEAREILIALELIGRN I 60 PRUEEshe el o

conpr essors ere’| e productton Uni

addr ess coki nehiipiObtRiffes, Yrude ofahid hmbsHeficA93dudhUalie! §il add'B81oBEHeRed

herein by reference, discloses, the use of an external vaporization drum
for the crudeesolie bfied @mnthiniligh aselsctime wesghtpfmoa-vfdlatde ¢dmsdnehts withove
naphtha as vapor and a second flash to renove vapors with a boiling point
bet ween 450 bawiaginpots pogwesnal 530 (1IHEF) giberenser knewn c3serpphaltangs

pyrolysi s {uba0e:! @Ol 5t U6nRERALELPHhobd MRl RPablR 1o 11 2sh
coke in the convection section of conventional pyrolysis furnaces. Only very low
levels of non-volatile components can be tolerated in the convection section
downstream of the point where the ﬁghter components have fully vaporized.
[0600] In most commercial naphtha and gas oil crackers, cooling of the
effluent from the cracking furnace 1s normally achieved using a system of transfer
line heat exchangers, a primary fractionator, and a water quench tower or indirect
condenser. The steam generated in transfer line exchangers can be used to drive
large steam turbines which power the major compressors used elsewhere in the
ethylene production unit.
[0007] To address coking problems, U.S. Patent 3,617,493, which is
incorporated herein by reference, discloses the use of an extemnal vaporization
drum for the crude oil feed and discloses the use of a first flash to remove naphtha
as vapor and a second flash to remove vapors with a boiling point between 450
and 1100°F (230 and 590°C). The vapors are cracked in the pyrolysis furnace into
olefins and the separated liguids from the two flash tanks are removed, stripped
with steam, and used as fuel.

[0008} U.S. Patent 3,718,709, which is incorporated herein by reference,

discloses a process to minimize coke deposition. It describes preheating of heavy



with steam and used as fiiel. [0008] U S. Patent 3,718,709, which is

i ncorporated herein by reference, discloses a process to mnimze coke
deposi ti orWWORPSHEEBR2 I bes preheating of heavy WO 2005/ 113P22/US2005/17696

PCT/ US2005/ 017696 -3- feedstock inside or outside a pyrolysis furnace to
vapori ze about 50% of the heavy feedstock with superheated steam and the
renoval of the residual, separated |iquid. The vaporized hydrocarbons,

whi ch contain nostly light volatile hydrocarbons, are subjected to
cracking. [0009] U S. Patent 5,190,634,-8kich is incorporated herein by
reference, discloses a process for inhibiting coke formation in a furnace
by preheat i ngetheckiipgistonksitioa phlpichence wiaprizsabdut 5004 of taheappunt  of
hydrogen in the convection section. The t%gesence of hydrogen in the
convection sefccdewkl whthbjuperhested shesiny raseli thatiemevale € tthe messdual,heepayatedoc ar bons

thereby inhihiti ke formati 010] Pat.ent 5,580, 443, ichis
i ncor por at ed “HB¥ |n VeROsZe cﬁ)’dmﬁ{xg Sos® Cg B%@Bsglqmgrggw f’ﬁ@meeedstock
is first prem} rﬁg ar@ é{&é&%rc?#} gfrom a preheater in the convection
'S

section of t yro ys’l S nace preheat ed feedstock is then m xed

wi th a predetgpgoned a”@lSmPaQBt S118815361 Wichdk lisddrSotatti GRiMin 3y dreterdden
i ntroduced into a gas-liquid separator to separate and renobve a required

proportion ofdisdiesenarprocdsatfol mhitdtng icojd thrivation ihe fespae &y qrebealihg tlwepar at ed

vapor fromthe gas-I.iquid separator is returned to the pyroJysis furnace
for heating %@reﬁfeaeqﬂf a goall, gpdicalAmouRh P EHTPSFH’ indh¢ acrnvmetlon

10/ 188, 461, fslclcé‘g%\slu#. PEF%Q |ng dr8 ed %11 gog E& gse[rel Enh |tsc erence

describes a pro oca Tri xes

hedvy hydroc %&ﬁﬂeﬁfﬂﬁgﬁ E'é%\%{ioﬂ"bf ﬂleq‘lyﬁ}déhﬁ!)ons Befbby 11'51’.6{9%@%699%1'91%&&‘@'[ er, to
forma mxture streamwhich is flashed forma vapor phase and a |IC]UI d

phase, the vgf010lphase U Rgtent 5sSGdds th&maokc&nipmratedmmndg efeéices. The
anmount of fluid mxed with the feedstock is varied in_ accordance with a
sel ect ed oper®Hb§IoRgs Bararsss avhesginithe fesdsiegl 45 fipst grehepiedhpnd fhen aviddrawn

from a preheater in the convection section of the pyrolysis furnace. This
preheated feedstock is then mixed with a predetermined amount of steam (the
dilution steam) and is then introduced into a gas-liquid separator to separate and
remove a required proportion of the non-volatiles as liquid from the separator.
The separated vapor from the gas-liquid separator is returned to the pyrolysis
furnace for heating and cracking.

[0011] U.S. Patent Application Serial No. 10/188,461, filed July 3, 2002,

which is incorporated herein by reference, describes a process for cracking heavy

o

hydrocarbon feedstock which mixes heavy hydrocarbon feedstock with a fluid,
e.g., hydrocarbon or water, to form a mixture streamn which is flashed to form a
vapor phase and a liquid phase, the vapor phase being subsequently cracked to
provide olefins. The amount of fluid mixed with the feedstock is varied in
accordance with a selected operating parameter of the process, e.g., temperature of
o the mixture stream before the mixture stream is flashed, the pressure of the flash,
the flow rate of the mixture stream, and/or the excess oxygen in the flue gas of the
furnace.
[0012] In some instances desirable hydrocarbon feedstocks such as

naphthas or condensates are contaminated with non-volatile components and/or



the m xture stream before the m xture streamis flashed, the pressure of the
flash, the flowrate of the m xture stream and/or the excess oxygen in the
flue gas of t@ﬁ furnace. [0012] In sone instances desirabl e hydrocarbon

f eedst ockS OSINIIEE2 napht has or condensat es are cont ami E{EUS2RITH 7696

non-vol atil e conmponents and/ or WO 2005/113722 PCT/ US2005/ 1017696 -4 coke
precursors. This contam nation could occur through contact with crude or
heavy hydrocarbon residue in shipping and storage equi pnent. It would be

i nefficient and expensive to re-process these feedstocks to renove the
contam nation, but the contam nation wodl"d result in coking in any of the
processes ‘descri bed above. [0013] It has now surprisingly been found that

t he additi orcoke paedvesorsy Thisdeamtamipation eewldtaser: theoughecontast avitneiude ari ght

hydr ocar bon feedstock can reduce ar. alnost, elimnate the format]j of coke
upst ream of ROREY fPELofR Festqug nth @BB@B% aé’rqd?tBFaane&u&g%@?t hgt HQF@@%Fage of a

cont ani nat e " h 0 e S i yabl i ng.
oy o TPE RN PEReSs I ataatls PHEETIBIRARE tahofd HET 09,
for cracki ngoatdmighion, vdr geachnmminatess tvwekd cesilaiini agifoin valyabi| fe

conponents and/or coke precursors. The process conprises (a) adding a heavy
hydr ocar bon dreesssgsotskerited abhee.cont ami nat ed |i ght hydrocarbon feedstock to

f tam nated h bon f.eedstpock hl end; heat i t

cont am nat cdURDAY ocar bl BB SUERSIOEeREE {0 BECHR HERPTE Gh BN o

hyd b k t eparati , ti
the cont am ARy SRaFRls ' Bt ol PRRRRNIEH MaXaRth b e T onant

and coke pregicr AfBbelRSn@ARE fRMAE6n aﬂdokeauﬁsi:@aahd)fmli@ﬁsswéegbraﬁen
non-vol atil e conponents and/ or coke precursors; (e) renoving the vapor

phase from t\esd| aslids epaeati e pesseige afida (dontaniasted nhighthbydmwampbonphase in

a radi ant section_ of a pyrolysis furpace to produce an effl uent
feedstock stream dvailable for cracking.

SUMMARY OF THE INVENTION

[0014] The present invention relates to a process for cracking a light
hydrocarbon feedstock containing mnon-volatile components and/or coke
precursors. The process comprises (a) adding a heavy hydrocarbon feedstock to
the contaminated light hydrocarbon feedstock to form a contaminated
hydrocarbon feedstock blend; (b) heating the contaminated hydrocarbon feedstock
blend; (¢) feeding the contaminated hydrocarbon feedstock blend to a
flash/separation vessel; (d) separating the contaminated hydrocarbon feedstock
blend into a non-volatile component and coke precursor depleted vapor phase and
a liquid phase rich in non-volatile components and/or coke precursors; (e)
removing the vapor phase from the flash/separation vessel; and (f) cracking the
vapor phase in a radiant section of a pyrolysis fiunace to produce an effluent
comprising olefins, the pyrolysis furnace comprising a radiant section and a
convection section. Steam, which may optionally comprise sour or treated process
steam and may optionally be superheated, may be added at any step or steps in the
process prior to cracking the vapor phase.

[0015] The addition of heavy hydrocarbon feedstock reduces the coking

rate in and upstream of said flash/separation vessel and/or increases the percentage



conprising olefins, the pyrolysis furnace conprising a radiant section and a
convection section. Steam which may optionally conprise sour or treated
process woeany/aitkzmay optional ly be superheated, may bercaddedosilrany step
or steps in the process prior to cracking the vapor phase. [0015] The
addi ti on of heavy hydrocarbon feedstock reduces the coking rate in and
upstream of said flash/separation vessel and/or increases the percentage WO
2005/ 113722 PCT/ US2005/ 017696 -5 of the |ight hydrocarbon available in the
vapor phase for cracking as conpared tas.using a feedstock conprising only
the contam nated |ight hydrocarbon feedstock containing non-volatile:
conponents apgier;iheKedBEABYE a%iﬁbieﬁheh@dgjo&l AfkseOor cABRWY R)BRpaEREN

f eedst ock woul d geherally increase the T9 o? t he contam nated™ hydrocarbon
f'eedst ock bl esidg hyfeadstdokammpatsiigt ortB the( abmarhina®l)light dydidearbda Sealstockhe
contam nated |ight hydrocarbon feedstock, for exanple by at |east about 56C
(about 100F) compaiaigr Bef-yolakle serapencals aud/pes0ke MyRFBORY: bokher addiien i al so

i ' he T9 f i hyd b d k bl end
| ast - apout Heare o instibond Bt Rl A REe RSN SARLRRR b Tair e et
hydrocarbon p{&edsbOf keedbiBbk BleRETR St %fasﬁabdmlgfc 2hnnt 56@2 FRR M T2 )

10016] The heavy hydrocarbon feedstock generally conprisés betweefi about 2

wt . % and abotHe coatantindfedlighhley dresnison feadsbetkh Yutrexampleoy ficlesks abelt sebCend, for
exanpl e between about 5 wt.% and about 60 w.% of the contam nated

hydr ocar bon fabeuds l88%)bPesfarabbudhe addibenwale hearyo biydrpgarhen oteedrtipckbelse 50 wt. %
of the contam nated_hydro bon feedstock blend. (0017] Preferably, the

cont ani nat edmr?WF‘Ef’cg]I% ! ﬁ%ﬂﬁ&%lﬁtaﬁg‘yﬁofﬂgoﬂ gq(%ﬁlc_kt]?l?’éé i’éﬁnﬂo‘%@sfj}p s

ang/ or coke Qﬁcﬁﬁuﬂserfdbbﬁt E?S%xﬁ%% Nl 168 Ghe CORAhat Uik fh'ypl%c&%%n' n a
first convection section tube’bank of t’he pyrolysis ?urn ce, ‘tor exanple to

about 150 t of@dsiutk, F80&ahpdoby a304kt hieowaletd (o0 Fhef ore  optional Iy m xing
with a pri ma%udi | ution steam stream The contam nated hydrocarbon

f eedst ock bl 6hay al dbeblecany xsdregattonafeefsipek gevrrhllasompdises detyomen
about 2 wt.% and about 75 wt.% of the contaminated hydrocarbon feedstock

blend, for example between about 5 wt.% and about 60 wt.% of the contaminated
hydrocarbon feedstock blend, such as between about 10 wt.% and about 50 wt.%
of the contaminated hydrocarbon feedstock blend.
[0017] Preferably, the contaminated hydrocarbon feedstock blend with
non-volatile components and/or coke precursors is heated by indirect contact with
flue gas in a first convection section tube bank of the pyrolysis furnace, for
(' ' example to about 150 to about 340°C (about 300 to about 650°F), before
’ optionally mixiﬁg with a primary dilution steam stream. The contaminated
hydrocarbon feedstock blend may also be mixed with a fluid, such as hydrocarbon

or water, in addition to the primary dilution steam stream. The preferred fluid is

water.
[0018] The contaminated hydrocarbon feedstock blend may be further
- heated by indirect contact with flue gas in a second convection section tube bank

of the pyrolysis furnace before being flashed. Preferably, the temperature of the
contaminated hydrocarbon feedstock blend in step (c) is from about 205 to about
560°C (about 400 to about 1040°F). Preferably the separation in step (d) is at a
pressure of from about 275 to about 1380 kPa (about 40 to about 200 psia).



or water, in addition to the primary dilution steamstream The preferred
fluid is water. (0018] The contam nated hydrocarbon feedstock bl end may be
further _heated indirect contact with flue gas in a oPEeCHHon— -
section ?ﬁb@“ﬂ&ﬁ%ﬁ of the pyrolysis furnace before being@ﬁﬁggﬁggﬁ
Preferably, the tenperature of the contam nated hydrocarbon feedstock bl end
in step (c) is fromabout 205 to about 560C (about 400 to about 1040F).
Preferably the separation in step (d) is at a pressure of fromabout 275 to
about 1380 kPa (about 40 to about 200 pg%g). WO 2005/ 113722

PCT/ US2005/ 017696 -6 Generally, about ~ to about 98 percent of the
cont am nat ed _hydr ocarbon _feedstock blend is iq t he vaporﬁghase af ter being

flashed. AddBeResab| §ooudt ¥hip nelPut p38 peEent 1o Wise coppmunaleh dwdrosagbee t op

portion of the,fl [ separ at | | Oy tre f the

fl ash/ separ afeleg%o%estgg%ﬁf}g ]f %1‘81?0%{? E%g & ft‘?re%ﬁ,ug%o ﬁ’g&\? g‘p g&rrgdp O&‘@Byhsé‘%/mbglage nt
through an agdbiddn@! the SEPE phdsein SheRop PorkiSAIAhE TREK/sepRMnSyRfelldraui d -~
before step (f). The preferred vapor phase tenperature ‘entering the radiant
section of tbeviyeamyitse flash/@paration vésselm about 425 to about 705C (about 800
to about 1300F), which may optionally be attained by additional heating in
a convection{®9d8} i on t Ubdesadk the yrrarephsse ynashdepspik thwagbsan additipeali ant

ti f the furnace. BRI EF DESCRI PTION.OF T W N 20] Fi 1
T ustr at es. SP2HBRAPOTFBRNtivaGT AN FIABULPER BFBOHS ol B Har at us

i n accordancg, Tl ' ; i : 1S :.furnace.
DETAI LED ms@%%pgﬁh%ﬂﬂ%ﬁéﬁ? R ?g%g‘%pée%ﬁ eé’?%? ﬁ?{‘ﬁi’%ﬁ@%ﬁé, al |

per cent ages, frpal bbout! 423 a8, atRE . 7058C e(abyut 80D gbt abddnl €3X°BY hehithsgagt at ed;, a
reference to a conpound or conponent includes the conpound or conponent by
itsel f, as weptionally ihe atsmisidnbit rdditignaltheatingién acenryeethnls senticodnpohenit,s, such

as m xtures of .c unds . .
prefergbq? e Bank nearest the radiant section of the furnace.

BRIEF DESCRIPTION OF THE DRAWING

[0020] Figure 1 illustrates a schematic flow diagram of the overall process
and apparatus in accordance with the present invention employed with a pyrolysis

furnace.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Unless otherwise stated, all percentages, parts, ratios, etc., are by
weight. Unless otherwise stated, a reference to a compoﬁnd or component
mcludes the compound or component by itself, as well as in combination with
other éompounds or components, such as mixtures of compounds.

[0022] Further, when an amount, concentration, or other value or
parameter is given as a list of upper preferable values and lower preferable values,
this is to be understood as specifically disclosing all ranges formed from any pair
of an upper preferred value and a lower preferred value, regardless of whether
ranges are separately disclosed.

[0023] As used herein, non-volatile components are the fraction of a
hydrocarbon stream with a nominal boiling point above 590°C (1100°F) as

measured by ASTM D-6352-98 or D-2887. This invention works very well with



[ 0022] Further, when an anount, concentration, or other value or paraneter
is given as a list of upper preferable values and | ower preferable val ues,
this is toWMeE28HtETRt ood as specifically disclosing all rargesesdoined from
any pair of an upper preferred value and a | ower preferred val ue,

regardl ess of whether ranges are separately disclosed. [0023] As used
herein, non-volatile conponents are the fraction of a hydrocarbon stream
with a nom nal boiling point above 590C (1100F) as neasured by ASTM

D- 6352-98 or D-2887. This invention worksg very well wth WO 2005/113722

PCT/ US2005/ 017696 -7 non-vol atil e conponents having a nom nal boiling point
above 760C ( 14Q0G)atile digngdabhts MavRQ! dMhosinal bbmglp%!iht%obmﬁbs@r(mwpn
streamis neasured by Gas Chromat ograph Distillation (GCD) according to the
met hods descr ThedoilingAsiM dRERBR2mIS de Byd288irhore xtreantldsl rhyasereti rtapdaat i on
for materials boiling above 700C &1292F). Non-vol ati | e conponents can

i ncl ude coke phesmategsarh Digillation (GCIsaetding ) themgihodn dessribed i ASTM

| ecul es, h | tisr ti nds,. whi ch. d f
the vapor. phaldand & R 7S i BRIt A eRuae for PRl el fing pove ' °
encount er ed | fod-01P 2SS MIORLAEARS chipddiftd Y SRR oKL BsceoRS viiRGLhpEr ef 1

shall nean the te determ ned according to th ol l'Tng poln
distribution gedenidhedhabpvend/at rehittle bblymightsupkr sentubi-riag pabidatiel ar
sanpl e has reached its boiling point. Likewi se T95 or T93 nean the

t enperat ure atompgindp, Which cam gondenghiropethe aaporgthase pat thep dham celspider has
reached its bgiling point... Nomnal fipal_boilin oi nt .shal |l mean fhe
fteng)erat ure a _e\)%e],%ﬁ‘%g§.°§d’%811%ﬁTCOHB@F@thhSPreﬁ%%FB?%EIog?hes‘é??fﬁ'i‘témha or eached
| ts(boi 1ng pel ey OORATRCd Bl cRpCRREr RASROS BRI O 1S Foitifl e
present invention typically conpriseS one or nore of gas oils, eat%ng oil,

jet fuel, diepéiht dkatlafdncdesciiiRgiohbive, atolich Baphdifia, pataarafcs pakirdianapht ha,
catal ytically cracked napht ha, hydrocrackate, reformate, raffinate
reformate, Fi sanhide has roclhsd its bpilieig poimf.sbikemiseThe ps € meandhe temnerataie at

gasoline, di S&!ﬁliclha%edr o8 w Igl[;'t prza?ge% gfl a p\é\ldti(ggla%) ga{nllllalg Hlas feadied its boiling point.

Nominal final boiling point shall mean the temperature at which 99.5 weight

percent of a particular sample has reached its boiling poiut.
[0024} The light hydrocarbon feedstock for use in the present invention
typically comprises one or more of gas oils, heating oil, jet fuel, diesel, kerosene,
gasoline, coker naphtha, steam cracked naphtha, catalytically cracked naphtha,
hydrocrackate, reformate, raffinate reformate, Fischer-Tropsch liquids, Fischer-
{ Tropsch gases, natural gasoline, distillate, virgin naphtha, wide boiling range
naphtha to gas oil condensates, and heavy gas oil; and further comprises non-
volatile components and/or coke precursors.
[0025] The heavy hydrocarbon feedstock for use with the present
invention typically comprises one or more of steam cracked gas oil and residues,
crude oil, atmospheric pipestill bottoms, vacuum pipestill streams including
bottoms, heavy non-virgin hydrocarbon streams from refineries, vacuum gas oils,
low sulfur waxy residue, atmospheric residue, and heavy residue. One preferred
heavy hydrocarbon feedstock is an economically advantaged, minimally processed
heavy hydrocarbon sitream containing non-volatile hydrocarbons and/or coke

precursors. Another preferred heavy hydrocarbon feedstock for use in this



naphtha to gas oil condensates, and heavy gas oil; and further conprises
non- vol atil e conponents and/ or coke precursors. [0025] The heavy

hydr ocarbon feedstock for use with the present inventi LAl

conpri seWOME /U3 or e of steam cracked gas oil and resi%ééjgﬁh@?]& e oil,

at nospheric pipestill bottons, vacuum pipestill streans including bottons,
heavy non-virgi n hydrocarbon streans fromrefineries, vacuumagas oils, | ow
sul fur waxy residue, atnospheric residue, and heavy residue. One preferred
heavy hydrocarbon feedstock is an econonically advantaged, mninmally
processed heavy hydrocarbon strean1con§aining non-vol atil e hydrocarbons
and/ or coke precursors. Another preferred heavy hydrocarbon feedstock for
use in this iWELPOss an PR NSEHYSHPRESHCamg | nvention is an at mospherie

AL SR e e B RS Bl
or cater thart LA Tt e BN n feBlod Rl p WA Lo "

f eedst ock. Lidiieng ?(ﬁni Béowhéduailo, BOplehte thaaithé nohidah finfleiing HHEF SCREDON
feedstock may be |l ower than, equal to, or greater than the initial boiling

poi nt of t hdight diydrdnadvooc feldstnck. e ddkewisk , thp unitisl [Hoilgen poiat lof the lavyeast
| east about 0C. (about

about 56C (§$OUt OOF} Hi gher, npre typically at ég

500F), and OPUERf qeAsACk BNt bes f('l%u?quﬁgéfrs)orhgrﬁﬁélf thangthg7ipitial

Pr ef bly, {th i ti fy b il | It i
= cont an nat oAty BPE g el RSP XERER B REE R Yot iS T T
| east about @& GaIOYELRRF00FOhRhet, NAbret HRichRS éioiebgt%oapizlsm@ga}sdiﬁ, l'i ght
hydr ocar bon feedstock, for exanple at |east about 56C (about 100F) hi gher,

as a furthei00&Kanmd eftert moemthan abou 890°C1@boeOFF)Aa8eY. hi gher, and as yet
anot her exarrﬁle at | east about 167C (about 300F) hjigher. Preferably, the
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least about 28°C (about 50°F) higher than the T, boiling point of the light
hydrocarbon feedstock, for exa:ﬁple at least about 56°C (about 100°F) higher, as a
further example at least about 111°C (about 200°F) higher, and as yet another
example at least about 167°C (about 300°F) higher. Preferably, the addition of the
heavy hydrocarbon feedstock will also result in a contaminated hydrocarbon
feedstock blend with a Ty boiling point at least about 14°C (aboﬁt 25°F) higher
than the T,; boiling point of the light hydrocarbon feedstock, such as at least about
28°C (about 50°F) for example at least about 56°C (about 100°F) higher, as a
further example at least about 111°C (about 200°F) higher, and as yet another
example at least about 167°C (about 300°F) higher.
[0028) Vapor-liquid equilibrium modeling using computer software, such
as PROVISION™ by Simulation Sciences Inc., can be used to determine optimal
quantities of a given heavy hydrocarbon feedstock for use with a given
contaminated light hydrocarbon feedstock.
[0029] The present invention relates to a process for heating and steam
cracking a light hydrocarbon feedstock containing non-volatile hydrocarbons. The

process comprises mixing a heavy hydrocarbon feedstock with a contaminated

light hydrocarbon feedstock to form a contaminated hydrocarbon feedstock blend,



than the T95 boiling point of the Iight hydrocarbon feedstock, such as at
| east about 28C (about 50F) for exanple at |east about 56C (about 100F)
hi gher, aswahsnnsher exanpl e at | east about 111C (about p&OH,0MN@h&% and
as yet another exanple at |east about 167C (about 300F) higher. ?0058]
Vapor-liquid equilibriumnodeling using conputer software, such as

PROvI sI ONTM by Si mul ation Sciences Inc., can be used to determ ne opti mal
guantities of a given heavy hydrocarbon feedstock for use with a given
contami nated |ight hydrocarbon feedstockg [0029] The present invention
relates to a process for heating and steam cracking a |ight hydrocarbon
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feedst ock to hpdBtAb&ipREabAEblend hyliacanpenpizsedsd o tikuidl 2ash, (3@0R6/ 113722
PCT/ US2005/ 017696 -9 heating the contam nated hydrocarbon feedstock bl end,
fashi ng the eapurahasedt u rafiipdr wcaobaia pwelysisdoinapt,and pralvcmgmmeilegdr phase
and. a liquid phase, feeding the vapor phase to the radiant section of a
pyrol ysi s fur faBRISIBGAEHRSduci ng an ef fl uent conprising ol efins. [0030] The

addition of s at vary .pQI nt-s. i K e l. I will, for
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and other fluids may be added at various points, the description herein
will use the thabrapy" €bnihanftaimeaddpdd rvecahasopoure 88 R c KB difd'supsheiedh t he
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essenti al | y nermdRentaminated hydrocarbon feedstock blend" to mean the components of the
contaminated light hydrocarbon feedstock and the heavy hydrocarbon feedstock
together as they travel through the process regardless of what quantities of steam
and other fluids may also be present at any given stage.
[0031] When light hydrocarbon feedstock having essentially no non-
volatile components and/or coke precursors is cracked, the feed is typically
preheated in the upper convection section of a pyrolysis furnace, optionally mixed
with steam, and then further preheated in the convection section, where essentially
(" all of the light hydrocarbon feedstock vaporizes forming a vapor phase which is
the fed to the radiant section of the furnace for pyrolysis. Contamination of the
light hydrocarbon feedstock with non-volatile components and/or coke precursors
would, however, result in extensive coke formation in the convection tubes in that
process. This concern was partially addressed in U.S. Patent 5,580,443, which
discloses a process wherein the feedstock is first preheated, then withdrawn from a
preheater in the convection section of the pyrolysis furnace, mixed with a
predetermined amount of steam, introduced into a gas-liquid separator to separate
and remove a required proportion of the non-volatiles as liquid from the separator.

The separated vapor from the gas-liquid separator is returned to the pyrolysis

furnace for heating and cracking.



vol atil e conmponents and/or coke precursors is cracked, the feed is typically
preheated in the upper convection section of a pyrolysis furnace, optionally
mxed wth steam and then further preheated in the convection section,
wher e esseotidhhy2zal | of the |ight hydrocarbon feedst o®ETNVEBHTURELC or mi ng
a vapor phase which is the fed to the radiant section of the furnace for
pyrol ysis. Contam nation of the |I|ight hydrocarbon feedstock with

non-vol atil e conponents and/ or coke precursors would, however, result in
extensive coke formation in the convection tubes in that process. This ‘
concern was partially addressed in U S-1Batent 5,580,443, which discloses a
process wherein the feedstock is first preheated, then withdrawn froma
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to maintain liquid wetted surfaces and a |liquid fraction of about 2 to
about 50% T deddstgok @s ftreontaiomlightigrdsesathong Abatrepld edoapmicadly haye beeredst ock

as it contains light.hydrocarbons.that .could econom cally have been cracked
to form addi tF45 8‘?tooﬁ°5r¥iaﬁgﬁlﬁpgdﬂﬁftﬁ.‘sqr86'§§] Rat her than cracking a !
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Multiple synergistic effects can be realized with such a procedure. [0034]
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feedstock. Multiple synergistic effects can be realized with such a procedure.
[0034] It will be recognized that economic considerations would generally
favor maximizing the fraction of the feedstock which is in the vapor phase and
subsequently cracked. One of the benefits which can be realized by the addition
of a heavy hydrocarbon feedstock to the contaminated light hydrocarbon feedstock
is an increase in the percentage of the light hydrocarbon feedstock vaporized along
with some fraction of the heavy hydrocarbon feedstock while coking is reduced or
essentially eliminated. Assuming the contaminants present accounted for less than
about 0.5% of the light hydrocarbon feedstock, the difference in vaporized volume
of light hydrocarbon feedstock could be at least about 1%, for example at least
about 2%, such as at least about 5%. The process of the present invention allows
the loss of light hydrocarbon, exclusive of contaminants, in the liquid phase
leaving a flash/separation vessel to be reduced to negligible quantities. In
addition, depending on the heavy hydrocarbon feedstock used, a fraction of the
heavy hydrocarbon feedstock will be vaporized and subsequently available for
cracking.

[0035] The heavy hydrocarbon feedstock added to the contaminated light

hydrocarbon feedstock may be from about 2 to about 75 percent of the resultant
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favor maxim zing the fraction of the feedstock which is in the vapor phase
and subsequently cracked. One of the benefits which can be realized by the
addi tion (ﬁgtgrgg?yy hydrocarbon feedstock to the contagipatamdshiai
hydrocarB% ad44fock is an increase in the percentage of the |ight

hydr ocar bon feedstock vaporized along wth sone fraction of the heavy

hydr ocar bon feedstock while coking is reduced or essentially elimnated.
Assum ng the contam nants present accounted for |ess than about 0.5% of the
|'i ght hydrocarbon feedstock, the differ?ice in vaporized volume of |ight

hydrocar bon feedstock could be at |east about 1% for exanple at |east

about 2% such as.at |east abou % ‘lg]e rocess of th resent g venti on
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guantities. ?‘?\dlﬁgééj(ﬁ]’t F%%\,alsgazg{éﬁ I %@ﬁ?%&ﬁﬁwg ﬁ?x%r 5%%?@%%%@?&%% used,
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subsequentlybgvai Ia%bl e for dz(r.lg}cki ng. [0035] The he%vy hydrocar bon f eedst ock
added to thehpdmtahomitedstork giill be loptimizedrasoordingedstcondmivaynd eviilabititybout 2

to about 75 percent_of the resultant WO 2005/ 113722 PCT/ US2005/017696 -11
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l'ight hydroggghaanb@edsbpaie tial HoRanRRhé Ahapdpaaaon Jeidl, hid SSRRARIRS and
availability of given hydrocarbon streans at any particular tinme. The
quantity of Heavangehyfdebmardbdo dheetsSObek laddewted thhe sthe diglyersthief hedvent t o
result in aliquid fraction of at |east about 2%.of the total flowinto the
f Itash/ separ aty@Rcrben &edstaply 1sgslsbivate thejcpntapipated gt hyrdrogaehen foedsipckbout
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exanple, if the flash/separation vessel were operat at about 370C
(about 700°F), about 20% of vacuum residue added to a contaminated condensate

might result in about 2% liquid phase in the flash/separation vessel and about 40%
of a lighter atmospheric residue might be required to maintain the liquid phase at
greater than about 2%.

[0036] Depending on tankage available, the heavy hydrocarbon feedstock
may be added to the contaminated light hydrocarbon feedstock in the feedstock
storage tanks or at any point prior to introduction of the contaminated hydrocarbon

feedstock blend to the convection section of the furnace. Preferably, both the

N

heavy hydrocarbon feedstock and the light hydrocarbon feedstock are at a
sufficient temperature to ensure flowability of both the heavy hydrocarbon
feedstock and the blended feedstock upon mixing.

[0037] After blending the heavy hydrocarbon feedstock with a
contaminated light hydrocarbon feedstock to produce a contaminated hydrocarbon
feedstock blend, the heating of the contaminated hydrocarbon feedstock blend can
take any form known by those of ordinary skill in the art. However, it is preferred
that the heating comprises indirect contact of the contaminated hydrocarbon
feedstock biend in the upper (farthest from the radiant section) convection section

tube bank 2 of the furnace 1 with hot flue gases from the radiant section of the



(about 700F), about 20% of vacuum resi due added to a contam nated condensate
m ght result in about 2% 1liquid phase in the flash/separation vessel and
about 40%w8f lll'g_&gter at nospheric residue mght be required to maintain

the |iquid PHASE greater than about 2% [0036] DependitiUH0yHAk4ge

avai |l abl e, the heavy hydrocarbon feedstock may be added to the contam nated
| i ght hydrocarbon feedstock in the feedstock storage tanks or at any point
prior to introduction of the contam nated hydrocarbon feedstock blend to

t he convection section of the furnace. Preferably, both the heavy

hydr ocar bon feedstock and the |ight hydTE%arbon feedstock are at a
sufficient tenperature to ensure fiowability of both the heavy hydrocarbon

f eedst ock andimtaee.bThifdesn Beerngomplishedpbn wayafrypn-limoae) exaftpde, Uyl passingg t he

Py o Pk AL 5 SOTLRTA B L Dy Rear o et ock
contam nat ed (ML 99RERED BRI Ek RLAA G- 3 ARl T, KRR hose
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conpri ses i ndicheghinged tidiocafbonhRedtitkabicAd gidcydhacaniaperafies dstwaek bl end
in the upper (farthest fromthe radi ant section) convection section tube
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WO 2005/ 113722 PCT/ US2005/ 017696 _ - 12 fo'f;f nﬁge. Thi s can _be acconplished, by
way of non-| iaout AH0ExEavare32hip Fuut ARl 108 cxnpieAbont 440 g abere 220%n

f eedst ock bl e t hr h of heat exchange tubes 2 located within the
convecti on se@g?‘g%@%g?b?lﬁgasﬁphace 1. The heated contam nated hydrocarbon

feedst ock bl ggdss]ypi cal Tie NRged dRPRERALE S RERAN fecdbRuk IO 3R, gbout
340C (about 0 and about 650F), such as about 160 to about 230C"(about 325
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425F). (0038] The heated contam nated hédrocar bon feedstock bl end may be
mi xed with priviesecarlan, preferably Bawmd dnw oriprallynwanoy; water) fieaminpi 8 imiginebe a

thereof. The preferred fluid is water. A source of the flnid can be low pressure
boiler feed water. The temperature of the fluid can be below, equal to, or abave
the temperature of the heated feedstock. 1ln one possible embodiment, the flmd
latent heat of vaporization can be used to control the contaminated hydrocarbon
feedstock blend temperature entering the flash/separation vessel.

[0039] The mixing of the heated contaminated hydrocarbon feedstock
blend, primary dilution steam, and the optional fluid can occur inside or outside
the pyrolysis furnace 1, but preferably it occurs outside the furnace. The mixing
can be accomplished using any mixing device known within the art. For example,
it is possible to use a first sparger 4 of a double sparger assembly 9 for the mixing.
The first sparger 4 can avoid or reduce hammering, caused by sudden vaporization
of the fluid, upon introduction of the fluid into the heated hydrocarbon feedstock.
[0040] The use of steam and or fluid mixed with the contaminated
hydrocarbon feedstock blend is optional for high volatility feedstocks such as the
light hydrocarbon feedstock used in the process of this invention. It is possible
that such feedstocks can be heated in any manner known in the industry, for
example in heat exchange tubes 2 located within the convection section 3 of the
furnace 1. The contaminated hydrocarbon feedstock blend could be conveyed to

the flash/separation vessel with little or no added steam or fluid.



hydr ocarbon, preferably liquid but optionally vapor; water; steam or a
m xture thereof. The preferred fluid is water. A source of the fluid can be
| ow presso¥@203giij7ar feed water. The tenperature of the pbghd6amn e bel ow,
equal to, or above the tenperature of the heated feedstock. In one possible
enbodi nent, the fluid |atent heat of vaporization can be used to control
the contam nated hydrocarbon feedstock blend tenperature entering the
fl ash/ separation vessel. [0039] The m xing of the heated contam nated
hydrocar bon feedstock blend, primary dijzuti on steam and the optional fluid
can occur inside or outside the pyrolysis furnace 1, but preferably it
occurs outsi e fur : i Wgﬂng i m Xi ng
devi ce knomqgmﬂilmi n thgq%ﬁrflﬁﬁgrdmgggﬂgﬁegﬁam ‘?ﬁﬁ%q’ggsm ?xleaﬁ?%%ﬁég{ewé I rst
sparger 4 of oa WdewbltBaspar gesutathsesdnhey a9 thet of he ndoxtamginated Nigydrddasors par ger
4 can avoid or reduce hamering, caused by sudden vaporization of the
f1ui d, upon iferdstogk bldndifluad ntikers, byt Breferelly thetamngraterely dbot dhdesmd sedst ock.
[ 0040] The usg of. steam and.or fluid.m.xed with the confam pated. .
hydr ocar bon f (fgf}&fclﬁl}%Fr@ngrhe eV ind &H]gllflo?é?ea]?ﬁ@w Q%F‘éﬂqrﬁth %e{%@#&&s such
as the 'ightin‘lé&g@]ﬂft@rtﬁ% cérﬁ?%%fg%‘fg. used in the process of this invention.
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It is possibl suc eedstocks can be heated in any manner known in
the industry,jobgp) exambee mfktheatstxsahapgaphidles tie | Reated cwhthinddhe
convection section 3 of the furnace 1. The contam nated hydrocarbon
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before being injected i'nto the second sparger 8. [00421 The mixture stream
conpri si ng t Hbrooglatackhnk cftleat mathadgze hbds dclrcifod Witded sho cénvebind sediibe, f1 ui d,

and the optional primary dilufion steam . )
P usuallypas a low%r part of the rhrs’c convection section tube bank, of the furnace and

thus heated by the hot flue gas from the radiant section of the furnace. The thus-
heated contaminated hydrocarbon feedstock blend leaves the convection section as
part of a mixture stream 12 to optionally be further mixed with an additional
steam stream.

[0043] Optionally, the secondary dilution steam stream 18 can be further
split into a flash steam stream 19 which is mixed with the hydrocarbon mixture 12

before the flash and a bypass steam stream 21 which bypasses the flash of the

P

hydrocarbon mixture and, instead is mixed with the vapor phase from the flash
before the vapor phase is further heated in the lower convection section and then
cracked in the radiant section of the furnace. The present invention can operate
with all secondary dihation steam 18 used as flash steam 19 with no bypass steam
21. Alternatively, the present invention can be operated with secondary dilution
. steam 18 directed to bypass steam 21 with no flash steam 19. In a preferred
embodiment in accordance with the present invention, the ratio of the flash steam
stream 19 to bypass steam stream 21 should be preferably 1:20 to 20:1, and most
preferably 1:2 to 2:1. In this embodiment, the flash steam 19 is mixed with the

hydrocarbon mixture stream 12 to form a flash stream 20 before the flash in



stream | eaving the second sparger 8 is optionally heated further in the
convection section of the pyrolysis furnace 3 before the flash. The heating
can be a |i shed, by way of non-limting exanple, by passing the m xture
stream tcﬁ&@gﬁﬁ“éﬂ%nk of heat exchange tubes 6 |ocated WATHWSR4Y7696
convection section, wusually as a |ower part of the first convection section
t ube bank, of the furnace and thus heated by the hot flue gas fromthe

radi ant section of the furnace. The thus- heated contam nated hydrocarbon
feedst ock bl end | eaves the convection section as part of a m xture stream
12 to optionally be further mixed with altadditional steamstream [00431
Optionally, the secondary dilution steam stream 18 can be further split
into a flash fhiskaepasdtionanestel #hi Preferablyl xbel sedarkatyh dilttyalr gteambetream Xsure 12
before the flash and a bypass steam stream 21 whi ch bypasses _the flash of
the hydr ocarsyperhpatsd iy @ Saprabesiey seeien ig 1 iliedyrmgoe |goptretion before FRIEHNE r om t he

fl h bef th h i furth heat i t | ti
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steam 19 with™no Ss Ssteam ternatively, the present 1nvention can

be operated wohlposietooddisymiltthid before the dhish THedth 20Ched s e ByPAEparatieam 21
with no flash steam 19. In a preferred enbodinent in accordance with the
present invervesshd. the ratio of the flash steam stream 19 to bypass steam

stream 21 sh be preferably 1:20 to .20:1, d. nost r ef erabl 22 to
2:1. In thi solﬁh%ﬂdi ment?, S’P‘Ffﬁldfqpi’é)ﬂa‘s{hé‘grﬁaﬁé’eiaégﬁq %%‘e\ﬂl ‘ﬂ“?ﬁgearﬂig’ag%ﬁar bon
m xture stre ; S r in WO
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the secondar y{oga3jut i on Biiccanistd tdini $2 cs URErhgatedni D0 ds SWPENiBad efor Sect i on
16 in the furnace convection before splitting and mxing with the

hydr ocar bon raxampieein THashideharatom wésseih® for ssparati@nints ttwegrhasds9 at wapohe

hydr ocarbon m xture stream 12 aids the ﬁa ori.zation of %eas vol atil e
conponents ofPhafe SPRPUFEE paleiigatly | JEht s g Nentegfeogkye volatile

tlash/ separ atﬂy%pocarbons from the heavy hydrocarbon feedstock, and steam and a liquid phase
comprising less-volatile hydrocarbons along with a significant fraction of the non-
volatile components and/or coke precursors. It is understoed that vapor-liquid
equilibrium at the operating conditions described herein would result in very small
quantities of non-volatile components and/or coke precursors present in the vapor
phase. Additionally, and varying with the design of the flash/separation vessel,
minute quantities of liquid containing non-volatile components and/or coke
precursors could be entrained in the vapor phase. In the process of this invention,
these quantities are sufficiently small to allow decoking downstream of the
flash/separation vessel on the same schedule as for decoking in the radiant section
of the fumace. The vapor phase can be considered to have substantially no non-
volatile components or coke precursors when coke buildup in the convection
section between the flash/separation vessel is at a sufficiently low rate that
decoking is not required any more frequently than decoking of the radiant section
1s required.
[0046] For ease of description herein, the term flash/separation vessel will
be used to mean any vessel or vessels used to separate the contaminated

hydrocarbon feedstock blend into a vapor phase and at least one liquid phase. It is



vessel 5. [0044] A second optional fluid can be added to the m xture stream
before flashing the m xture stream the second fluid being a hydrocarbon
vapor. [ O00WS) KK 37a2xt ure stream 12 or the flash stream 2@ T/sstben 7édsashed,
for exanple in a flash/separation vessel 5, for separation into two phases:
a vapor phase conprising predomnantly |ight hydrocarbon feedstock,

vol atil e hydrocarbons fromthe heavy hydrocarbon feedstock, and steam and a
| i qui d phase conprising |less-volatile hydrocarbons along with a significant
fraction of the non- volatile conponentsiféand/ or coke precursors. It is
understood that vapor-liquid equilibriumat the operating conditions
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not limted to, drums, distillation towers, and centrifugal separators.
[ 0047] The mi pretareblyas abpitams siseasr 7.er abl y i ntroduced tangentially to the

[0048] It is preferred to maintain a predetermined constant ratio of vapor
to Hquid in the flash/separation vessel 5, but such ratio is difficult to measure and
control. As an alternative, temperature of the mixture stream 12 before the
flash/separation vessel S can be used as an indirect parameter to measure, control,
and maintain an approximately constant vapor to liquid ratio in the
flash/separation vessel 5. Ideally, when the mixture stream temperature is higher,
more volatile hydrocarbons will be vaporized and become available, as part of the
vapor phase, for cracking. However, when the mixture stream temperature is too
high, more heavy hydrocarbons, including coke precursors, will be present in the
vapor phase and carried over to the convection furnace tubes, eventually coking
the tubes. If the mixture stream 12 temperature is too low, resulting in a low ratio
of vapor to liquid in the flash/separation vessel S, more volatile hydrocarbons will
remain in liquid phase and thus will not be available for cracking.

[0049] The mixture stream temperature is controlled to maximize recovery
or vaporization of volatiles in the feedstock while avoiding excessive coking in the
furnace tubes or coking in piping and vessels conveying the mixture from the
flash/separation vessel to the furnace 1 via line 13. The pressure drop across the

piping and vessels 13 conveying the mixture to the Jower convection section 23,



fl ash/ separation vessel 5 through at |east one side inlet |located in the
side of said vessel. The vapor phase is preferably renoved fromthe

fl ash/ separati on vessel as an overhead vapor stream 13. The vapor phase,
pref er abl YO &/ H&F2phack to a convection section tube baRfKI/US20850%7pgs
furnace, preferably |ocated nearest the radiant section of the furnace, for
optional heating and through crossover pipes 24 to the radiant section 40
of the pyrolysis furnace for cracking. The |iquid phase of the flashed

m xture streamis renoved fromthe flash/separation vessel 5, preferably as
a bottonms stream 27. [0043] It is prefetfed to maintain a predeterm ned
constant ratio of vapor to liquid in the flash/separation vessel 5, but
such rati o imddhé tiossdver pipingad4,and the dempmattireotise Asomrthaldweamahivection
tenperature of the mxture stream 12 before the flash/separation vessel 5
can be used sstiem23 may bsgropiwrehistdstect herpuseiinfeokingrreblems. Farinstaneg.ai n an

approxi mately constant vapor to liquid.ratio in the flash/separation vessel
5. | deal Iy, WA EResaveR BT E LR Rachss B EaR oo e IR EPIvetibh oot i 1o -
hydr ocar bon i1 : I an i i vapor
phase. Tor o aiam AFnEARS LRl BUE ERSRE 1Y Runiatiie ANBTl Retrin 100

hi gh, nore heayy il 6Rahbase, sticas] 1Tisheue Ok eedi@EUr T WokingbdcurdR. ther esent

in the vapor phase and carried over to the convection furnace tubes,

event ual | y clokiengonvention geson, tie tehweratwe @i dhe fhue aas 10 thehigbenasastions,s t 0o
low, resulting in a lowratio_ k of vapor to ligquid in the_flash/separation
vessel 5, rmsr“gh\?élﬂéﬁ‘i’ﬂ’t@nlef EI‘FR?E}éﬁa%AZ’ WCanseSre&@iWPFWef‘tP’q&ﬁds preaey. TZ‘ﬁd t hus
will not be [ # ' - T ' e rature is
cont rol | edt SRR B S LBt bOBAR pl Pl By SR dor RRNARRRE™ 11

f eedst ock whyhier 201 di ng excessive coking in the furnace tubes or coking in
pi pi ng and vessel s conveying the mxture fromthe flash/separation vessel

to the furna@esq via | The s&ctiTheortks suixturdr sipeaat r s setmiperatyse pisnglsand

vessel s 13 conveying the m xture to_the_| ower convectign section 23, WO
2005/ 113722 %@nm@gby ohsFeRpasigory of the. %68%9& el s St g fEriHeEs, and
the tenperat it ﬁi%hglc 5388ntt %? lilgm@? rhy&%@é(r%Sfléﬂﬂe temperature of the mixture

stream 12 can be set lower. When the feedstock contains a higher amount of less-

-

or non-volatile hydrocarbons, the temperature of tﬁe mixture stream 12 should be
set highe;'.

{0051} Typically, the temperature of the mixture stream 12 can be set and
controlled at between about 205 and about 560°C (about 400 and about 1040°F),
such as between about 370 and about 510°C (about 700 and about 950°F), for
example between about 400 and about 480°C (about 750 and about 900°F), and
often between about 430 and about 475°C (about 810 and about 890°F). These
values will change with the volatility of the feedstock as discussed above.

{0052} Considerations in determining the temperature include the desire to
maintain a liquid phase to reduce or eliminate the likelihood of coke formation in
the flash/separation vessel and associated piping and on convection tubes
upstream of the flash/separation vessel. Typically, at least about 2 percent of the
total hydrocarbons are in the liquid phase after being flashed.

[0053] It is desirable to mamtain a constant temperature for the mixture
stream 12 mixing with flash steam 19 and entering the flash/separation vessel to

achieve a constant ratio of vapor to hiquid in the flash/separation vessel §, and to



section 23 may be nonitored to detect the onset of coking problens. For

i nst ance,

if the crossover pressure and process inlet pressure to t

convect i Qg S66tbpA 23 begin to increase rapidly due t@®cooksmgs/0106ve
tenperature in the flash/separation vessel 5 and the m xture stream 12

educed. If coking occurs in the |ower convection section, the
tenperature of the flue gas to the higher sections, such as the opt

shoul d be r

super heat er

16, increases. If a superheater 16 is present, the incr

he | ower

i onal
eased

flue gas tenperature can be offset in pgrit by adding nore desuperheater
wat er 26. [0050] The selection of the m xture stream 12 tenperature is also

det er m ned
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primary dilution steam valve 15 to adjust the amount of primary dilution steam
stream injected to the second sparger 8. This further reduces the sharp variation of
temperature changes in the flash 5. When the control system 7 detects a drop of
temperature of the mixture stream 12, it will instruct the primary dilution steam
valve 15 to increase the injection of the primary dilution steam stream into the
second sparger 8 while valve 14 is closed more. If the temperature starts to rise,
the primary dilution steam valve will automatically close more to reduce the
primary dilution steam stream injected into the second sparger 8 while valve 14 is
opened wider.

[0055] In an example embodiment where the fluid is water, the controller
varies the amount of water and primary dilution steam fo maintain a constant
mixture stream temperature 12, while maintaining a constant ratio of H,O to
feedstock in the mixture 11. To further avoid sharp variation of the flash
temperature, the present invention also preferably utilizes an intermediate
desuperheater 25 in the superheating section of the secondary dilution steam in the
furnace. This allows the superheater 16 outlet temperature to be controlled at a
constant value, independent of furnace load changes, coking extent changes,

excess oxygen level changes, and other variables. Normally, this desuperheater 25



-17 avoid substantial tenperature and flash vapor to liquid ratio
variations. One possible control arrangenent is the use of a control system
7 to automatically control the fluid valve 14 and primary dilution steam
val ve 15 YO 2W&II3B2 spargers to maintain a set tenperat BCEF/USRROSIONBEYHT Xt ur e
stream 12 before the flash/separation vessel 5. Wen the control system?7
detects a drop of tenperature of the mxture stream it wll cause the
fluid valve 14 to reduce the injection of the fluid into the first sparger
4. |If the tenperature of the m xture streamstarts to rise, the fluid valve
wi ||l be opened wider to increase the injidction of the fluid into the first
sparger 4. [0054] When the primary dilution steamstream 17 is injected to

the second sRAGERE i tehipRrdn@@RERRS sHcBndoN dilotiors ME48 PefvdeAmbalisM Perdised to
control the primary dilution steamvalve 15 to adjust the anpunt of primry"™

dil ution st eaboutst908Gabout 860 add abowthkl GHEC) Hor epade betSiee absutf 443 et

reduces the sharp variatiop of tenperature changes in the flash 5. \Wen the
control systé@ W%Qt%é%bgusl%%?%‘wuttlgﬁﬁfbiia% &8s gfFtveRa ah?‘i@t‘l?ﬁ@nétﬁb@bﬁn 12, it -

wll instruc rj i Lut] o Y to..ncrea the injection
of the pri rra%]/brgﬁaﬁf) P@%%’@ft%%é{ g@aﬁ’?'ie'g@od%ﬁ%erﬁ%%%ocﬁg bg 8§P§§§F ‘éah\ﬁl?l?cg val ve
14 is cl osed vy Gtorhizer MRzl MORERIaREA podtRktity, HR deb&fiary BRI ddRe: ¥x1?§ lution
steamvalve wll automatically close nore to reduce the primary dilution

st eam st r eamtheng@nketibn pdotioh mdse fiaadnispeaf desupsrhehict evaverl Mbecddbé addapened

wi der. [0055] I n an_exanple enbodi nrent where the fluid is water, the

control [ er véditherapidiz vappuras &1l wdvess Badeppeming dileuttean is peefarably

mai ntain a cgnst i xture,stream.te rature 12, whi.l e maintaining a
Constant  rat trdrpeded b8 coBRRPR SPatean Hia Aot o vt e 10 o
sharp variati di8n b ARE) the RARSHALNY & thi BEaRNeReRTs 4 kP h
preferably uts%rgéeas rannicnt er me%i at er esupér heat e‘?ﬁgl‘g Si]quﬂ%éﬁghggglér Zé;ti ng
section of thegesetdndary dilution steamin the furnace. This allows the

superheater 16 outlet tenperature to be controlled at a constant val ue,
i ndependent d9036)ir nace IngdditivnaiegasintapiRe rigcestash tieraperpiges of the mixture

stream 12 entering the flash/separation vessel, it is generally also desirable to

maintain a constant hydrocarbon partial pressure of the flash stream 20 in order to

maintain a constant ratio of vapor to liquid in the flash/separation vessel. By way

of examples, the constant hydrocarbon partial pressure can be maintained by

maintaining constant flash/separation vessel pressure through the use of control

valves 36 on the vapor phase line 13 and by controlling the ratio of steam to
contaminated hydrocarbon feedstock blend in stream 20.

[0057] Typically, the hydrocarbon partial pressure of the flash stream in

the present invention is set and controlled at between about 25 and about 175 kPa

(about 4 and about 25 psia), such as between about 35 and about 100 kPa (about 5

and about 15 psia), for example between about 40 and about 75 kPa (about 6 and

_ about 11 psia).

{0058] In one embodiment, the flash is conducted in at least one
flash/separation vessel. Typically the flash is a one-stage process with or without T
reflux. The flash/separation vessel 5 is normally operated at about 275 to about
1400 kPa (about 40 to about 200 psia) pressure and its temperature is usually the
same or slightly lower than the temperature of the flash stream 20 before entering

the flash/separation vessel 5. Typically, the pressure at which the flash/separation



excess oxygen | evel changes, and other variables. Normally, this

desuper heater 25 WD 2005/ 113722 PCT/ US2005/ 017696 -18 nmi ntains the
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steamexits the convection section and_ggfine m st of desuperheater water
26 can be added which rapidly vaporizes and reduces the tenperature. The
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the ratio of steamto cont am nat ed hydrocarbon feedstock blend in stream

20. 10057] Ty plasstdpgrativheessglioaznbdns pastcual56pi(e tbone4@f to dteut L&ANTSE ream
in the present .invention is set and controlled_at between about 25 and

about 175 kPaSughatsoaboun3dhie aewtit99% bpu) 700steahodsYHE hWeh exaserle aBstang
ab ut 100 kPa b S] or | e bout 40 and
abo t 75 kPa (J'g@ %b‘)él%%@dtd%a%SRﬁSﬁngO%@m %)Oggiﬁé ?‘H}?lgnoélb'g%m O eﬁ%‘rﬁe of, t he
flash is condygd gektife @feahP@Bt géh@?allyf ARSh56apabBhl o8eVesHe! mixhyRi $Rhhy the
flash is a one-stage process with of without reflux. The flash/separation
vessel 5 is noemglflaghaiieimthedaptr pase) tsu@vds dboualbiatabout 95%.

[0059] The flash/separation vessel 5 is generally operated, in one aspect, to

minimize the temperature of the liquid phase at the bottom of the vessel because

too much heat may cause coking of the non-volatiles in the liquid phase. It may

also be helpful to recycle a portion of the externally cooled flash/separation vessel

bottoms liquid 30 back to the flash/separation vessel to help cool the newly

separated liquid phase at the bottom of the flash/separation vessel 5. Stream 27

can be conveyed from the bottom of the flash/separation vessel 5 to the cooler 28

via pump 37. The cooled stream 29 can then be split into a recycle stream 30 and

L
; “

export streani 22. The temperature of the recycled stream would typically be
about 260 to about 315°C (about 500 to about 600°F), for example about 270 to
about 290°C (about 520 to about 550°F). The amount of recycled stream can be
about 80 to about 250% of the amount of the newly separated bottom liquid inside
the flash/separation vessel, such as about 90 to about 225%, for example about
100 to about 200%. E

[0060] The flash is generally also operated, in another aspect, to minimize
the liquid retention/holding time in the flash vessel. In one example embodiment,
the liquid phase is discharged from the vessel through a small diameter *boot™ or

cylinder 35 en the bottom of the flash/separation vessel. Typtcally, the liquid



1400 kPa (about 40 to about 200 psia) pressure and its tenperature is
usually the sanme or slightly Iower than the tenperature of the flash stream
20 before entering the flash/separation vessel 5. Typically, the pressure
at whi chwichmo$i1as1/ separ ati on WO 2005/ 113722 PCT/ uszooﬁ@"i@é%ﬁf"ﬂf » vessel
operates is about 275 to about 1400 kPa (about 40 to about 200 psia), for
exanpl e about 600 to about 1100 kPa (about 85 to about 155 psia), as a
further exanple about 700 to about 1000 kPa (about 105 to about 145 psia),
and in yet another exanple, the pressure of the flash/separation vessel
can. be about 700 to about 760 kPa (abd0t 105 to about 125 psia). The
tenperature at which the flash/separation vessel operates, or the

t enper at ur e pliast retehtibretinst iredre flashtdeparafibia veéssb it ithm 78swednds| forabout
205 to about 560C fabout 400 to, about 1040F), such_as about 370 to about
490C (about Poopelessthan Oxgrondss gicheas dens thansibspcondsgend eftemlsgs thegdé (about

750 b 900F) . i ) f i 12, .
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vessel 5 is gener y operate In on to mnimze enperature
of the |iqui¢gegpdlase at the bottom of the vessel because too much heat nmay
cause coking of the non-volatiles in the liquid phase. It nay also be

hel pful to rf¥¢tl e a pdhe iV@pOlophEtShéE@)imgthﬂ?aﬁﬁlW&ﬁpm‘ﬂ‘ém fviesesh sy peaoméetin,on
vessel bottgns |iquid, 30 pack to t fl ash/ separation vessel .to hel p cool
the newy sEP&FEE E:=Iaiba\ﬂ‘i g‘?ﬁ%ég‘é‘“a{b%’f’ﬂﬁ'%m G‘F’htal%gw S§§ﬂ/3§’8}5’aﬂ§(°i on
vessel 5. St V. -for epar ati on
Vessel 5 to FRA,Jhe abRud SoRME IR AR RO PHART Bbrkd1f b AR RSN "L e
split into a7s@cy@bsusSi400aR), 30c1R a8 belsPSHdut SDOCR AL ITWF%GIBP%R%HEG of the
recycled streamwould typically be about 260 to about 315C (about 500 to
about 600F), bélow abrainfdECabbutt 1830°1t) pandaditant bek 9o bGPt C 5@ ut d0AHNt 550F) .

The amount of recycled stream can he abog% 80 t afiagw 250% of the anpunt
of the new yTBepaper BBassolst 6PRUBUGUTY repeved ram dhe | iash/sspapation vewsel Sssel |

such as ab Ouhlrg@ght &n %ngﬁtea@ %?]g@, \I/I%Eh %%QHAIS/ @919\%&3 the vapor to an optional

centrifugal separator 38 to remove trace amounts of entrained and/or condensed
liquid. The vapor then typically flows into a manifold that distributes the flow to
the convection or radiant section of the furnace.

[0062] The vapor phase stream 13 continuously remo?ed from the
flash/separation vessel is preferably superheated in the pyrolysis furnace lower
convection section 23 to a temperature of, for example, about 425 to about 705°C
(about 800 to about about 1300°F) by the flue gas from the radiant section of the
furnace. The vapor phase is then introduced to the radiant section of the pyrolysis
furnace to be cracked to produce an effluent comprising olefins, including
ethylene and other desired light olefins, and byproducts.

[0063] The vapor phase stream 13 removed from the flash/separation
vessel can optionally be mixed with a bypass steam stream 21 before being
introducéd into the furnace lower convection section 23.

[0064) Because the process of this invention results in significant removal
of the coke- and tar-producing heavier hydrocarbon species (in the liquid phase 27
leaving the flash/separation vessel §), it may be possible to utilize a transfer line

exchanger for quenching the effluent from the radiant section of the pyrolysis



100 to about 200% [0060] The flash is generally al so operated, in another
aspect, to mnimze the liquid retention/holding tinme in the flash vessel.
I n one exdmAes/BAT3di ment, the liquid phase is di schar J§d/¥3200vViIR&@6vessel
t hrough a smal'l dianmeter "boot" or cylinder 35 on the bottom of the

fl ash/ separation vessel. Typically, the liquid WO 2005)113722 PCTI US200
5101 7 6 9 6 -20 phase retention tine in the flash/separation vessel is

| ess than 75 seconds, for exanple |ess than 60 seconds, such as |ess than
30 seconds, and often less than 15 seedhds. The shorter the |iquid phase
retention/holding tinme in the flashiseparation vessel, the |ess coking

occurs in tharket! gomohg biher bhagin, sleipavidtallow meesast-cfftdBe kdirdfigingagor phase
| eaving the flash/separation vessel may contain, for exanple, about 55 to
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separator 38 to renpve trace amounts of entrai ned and/or condensed |i quid.
The vapor t hbrdhy?i, GA0Ryddthitsns desigiofa maniniohgl thehteneississachased withhsef | ow t o
the convection or radiant section of the furnace. [00621 The vapor. phase
stream 13 coft ihiBisiey HeAREBaEeh it RENURFEhYE8h A atrPesss v s etackigg

preferably s ﬁ‘?fégeﬁéne%ewoé‘g%ﬁ 5,1% 3{3{%_‘)‘2%{1\?%@%%%%@{5 convection section 23

to a tenpera ore 705C (about 800 to

abput about §RRSF) by the btuRngasd | hbetechpeiant sreald ﬂﬁslﬂieﬁﬁﬁﬁonf urnace.
The vapor phase 1s then introduced to the radiant section of the pyrolysis

furnace to bees¢lacketectal pr pebvide dre shkimentpostbier vaiondeal efhichs car bel udi ng

et hyl ene and other desired light olefins, and byproducts. L
processed without excessive fouling/coking concerns. If the ratio of liquid is too
high, valuable feed will be lost and the economics of the operation will be
detrimentally affected. If the ratio of liquid is too low, coking precursors from the
heavy ends of the hydrocarbon feed stream can enter the high temperature sections
of the furnace and cause accelerated coking leading to unacceptably frequent
decoking operations.
[0066} The percentage of given hydrocarbon feed discharged from the
flash/separation vessel as a vapor is a function of the hydrocarbon partial pressure

( ‘ in the flash/separation vessel and of the temperature entering the vessel. The

temperature of the contaminated hydrocarbon feedstock blend entering the
flash/separation vessel is highly dependent on the flue-gas temperature at that
point in the convection section. This temperature will vary as the furnace load is
changed, being higher when the furnace is at full load, and lower when the furnace
is at partial load. The flue-gas temperature in the first convection section tube
bank is also a function of the extent of coking that has occurred in the furnace.
When the furnace is clean or lightly coked, heat transfer is improved and the flue-
gas temperature at that point is correspondingly cooler than when the furnace is

heavily coked. The flue-gas temperature at any point is also a function of the

combustion control exercised on the burners of the furnace. When the furnace is



100631 The vapor phase stream 13 renoved fromthe flash/separation vessel
can optionally be mxed with a bypass steam stream 21 before being

i ntroduced into the furnace | ower convection section 23. [0064) Because the
process oVAHIYIBR%ention results in significant renoval PCHUSZHE0ESRE- and
tar-produci ng heavi er hydrocarbon species (in the |liquid phase 27 | eaving
‘the flash/separation vessel 5), it may be possible to utilize a transfer

| ine exchanger for quenching the effluent fromthe radi ant section of the
pyrol ysis WO 2005/ 113722 PCT/ US2005/ 017696 _71 furnace. Anong ot her
benefits, this will allow nore cost-eff@étive retrofitting of cracking
facilities initially designed for lighter (uncontam nated) feeds, such as
napht has, oropérited withjuivdeteleds txaeksoxydeh ietid fhu-gdsrhe floegas tgepedtatd y bel ow.
about 315C (about 600F), which have transfer |ine exchanger quench systens
al ready in playeocimoviddmdiogsporgingly dewei thaawhap Bici feendce ns aearatad wik,

60/ 555, 252, %i lhedls IYarfh, 22, 2004, details a design for maxim zing the
benefits assOEIEREE WP AGEL*IEF afﬁ%ef@rs | i ne exchanger in conjunction
with a proce r cragkj r rs t GRLPT LS latile:
conponents. f‘%"&gg] The%%@gﬁuf%)ré\galﬁ &Ic;;p)gdr}é{r?ﬁ%at m’% at uréle@?%%hééwwp

f 1 ash/ separ apiy@lysisviasE€ radisnt et efithe fuphey hdeell e hepxicquirtmess il vapor
feed which can be processed w thout excessive fouling/coking concerns. |f
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econom cs of the operation will be detrinentally affected. If the ratio of
liquid is toBXFdHF V&@R}%éemge‘eﬁﬂ%dpéﬂ? FaghAng ﬁ@tloﬁéﬁ\aﬂ}e g‘H’H%"eotP Rrﬂ\élgﬁ%r ocar bon
feed stream [ tur ' - ' and
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operations. LRPaPLaphbsities bE &R AR andl AfBSieiOHARAFHER (haafatissalpeged from
the flash/separation vessel as a vapor is a function of the hydrocarbon
partial presJbeealtimatet lupithiias lohsBppacat ¢apacifessdle fned gk vdlembethpesfateur e

entering the vessel. The tenperature of the contam nated h){dr ocar bon
feedst ock bl BHBIDEARS ¢ §x¢ase oxygen (with the accompanying nitrogen) allows greater

capacity for heat generation. Improved heat transfer in both the radiant and
convection sections achieved by reducing coke formation will allow total
pyrolysis througliput to be increased.

[0068] The total energy requirement in the convection section is the sum
of the energy required to vaporize the hydrocarbon stream to a desired cutpoint,
vaporize and superheat any water used for flash temperature control, superheat the
hydrocarbon vapor, and superheat the dilution steam.

[0069} 'One potential source of the heavy hydrocarbon feedstock used in
the process of this invention is the bottoms stream from a flash/separation vessel,
either recycled from the same flash/separation vessel or from another process
train. An advantage of using a bottoms stream from a flash/separation vessel is
that a smaller volume of this liquid would be required, reducing pumping
requirements, because a higher percentage of this heavy hydrocarbon feedstock
would be expected to remain in the liquid phase. While readily available, this
source of heavy hydrocarbon feedstock may not provide any significant addition
to vapor phase quantiftes.

[0070] While the present invention has been described and illustrated by

reference to particular embodiments, those of ordinary skill in the art will



fl ash/ separation vessel is highly dependent on the flue-gas tenperature at
that point in the convection section. This tenperature will vary as the
furnace Iﬁﬁpﬂb§“3%ﬂanged bei ng hi gher when the furnace1u§wgsﬂmuam(moad and
| ower when the furnace is at partial load. The flue-gas tenperature in the
first convection section tube bank is also a function of the extent of
coking that has occurred in the furnace. Wen the furnace is clean or
lightly coked, heat transfer is inproved and the flue- gas tenperature at
that point is correspondingly cooler thas when the furnace is heavily
coked. The flue-gas tenperature at any point is also a function of the
conbustion control .exercised on th Ty he furnac he .furnace
Fs WD 2005/ 11 %&#ﬁ%&h%&ﬂiﬁ Bﬁ%é%’dgqggﬁo?)er altaé%flsv\ﬁ qCS%aTlﬁlhgﬂgﬁﬁthexcess
oxygen in t hehéréﬁ&e ﬂﬁ%&%é@u 2 Se ERABE SRIM Be Iﬁédeawelp Qb the %bénd@@
correspondi ngly [ower t whén the furnace i1s operated Wth gher | evels
of excess oxygeims for ph@oédsuédgtaﬁnmﬁﬁg]ﬁé’]trumt@e dfhevgresent @ddniisn.det er m ned by
the heat requirements for pyrolysis in the radiant section of the furnace
as well as heat requirenents in the convection section. Excess oxygen above
about 2% is in essence a reflection of extra air volunmes being heated in
the radi ant section of the furnace to provide for the heat needed in the
convection section. Pyrolysis capacity is limted by the heat output
capabilities of the furnace and efficiency with which that heat is utilized.
The ultimate limtation on furnace capacity is the flue gas vol une,
therefore mnimzing the excess oxygen (wth the acconpanyi ng nitrogen)
allows greater capacity for heat generation. Inproved heat transfer in both
th? radi ant and convection sections achieved by reduci ng coke formation

wi I'l- allow total pyrolysis throughput to be increased. [0068] The total
energy requirenent in the convection section is the sum of the energy
required to vaporize the hydrocarbon streamto a desired cutpoint, vaporize
and superheat any water used for flash tenperature control, superheat the
hydr ocar bon vapor, and superheat the dilution steam



i . |

[ 0069] One potential source of the heavy hydrocarbon feedstock used in the
process of this invention is the bottons streamfroma flash/separation
vessel, either recycled fromthe same flash/ separation vessel or from
anot her process train. An advantanggt using a bottons streamfrom a
flash/ separation vessel is that a smaller volune of this |liquid would be
required, reducing punping requirenents, because a hi gher percentage of
this heavy hydrocarbon feedstock would be expected to remain in the liquid
phase. WglLglmMsadi |y available, this source of heavy hydrocarbon feedstock
may not provide any significant addition to vapor phase quantities. (0070]
Wil e the present invention has been described and illustrated by reference

to partiqular b . i i h il WO
2005/ 113722 PRIORASEERE g dRAE  roBh il REu el avireh F ool iy 10,
itsel f teomamirgtddomish nod-voktRs®argohynts bhdisi ¢oke @ebcutsers said pkaesd hi s reason,
then, reference should be nade solely to the appended clains for purposes
of det er ¥PRPH6he true scope of the present invention. -24- CLAIM 1.
Process for cpacki Al ﬂgfd' ; ayl 150 boiling

poi nt cont am'( at eg&ﬁ%hh%%‘;#@g?‘éu g@%ﬁ%@ﬁ%ﬁ@%ﬁ )glr)mgg%gl gr ecursors,

sai d pr otégher than iy TS ibofing(p@intad dielighahirdravarbdy fbedstatioiornhd eedst ock having a
T50 boiling point _ higher than _the T50 boiling point of the Iight

hydr ocar semtamasdet light hydrogarbon sdstask todoen aicppfmimaier rdip b0 eedst ock to

forma c 1 . K . | hrSa| eavy

hydr ocar g%gﬁi 8%313‘3? gc %@?@ggg@yaﬁﬁg j%b?)ﬁ't% E%SE@%F\ a%sﬁ%?&ﬁi}f‘}hﬁ ocar bon

f eedst ockohtagiivehtdiyhydrodagtnat fedfodkIUnd Yy 4 east JR9E (@(D"E?]B@m £Optoxmhenat ed |i ght

hydr ocar bon feedstockg &Tg) heati ng the contam nated hydrocarbon feedstock
Y

bl end; ( Epnp@awiefglight AerheR fedéiackiy dr ocar bon feedstock blend to a
(b)  heating the contaminated hydrocarbon feedstock blend;

(c) feeding the contaminated hydrocarbon feedstock blend to a
flash/separation vessel;

(d) separating the contaminated hydrocarbon feedstock blend into a non-
volatile component and coke precursor depleted vapor phase and a liquid phase rich in
non-volatile components and/or coke precursors;

(e) removing the vapor phase from the flash/separation vessel; and

® cracking the vapor phase in a radiant section of a pyrolysis furnace to
produce an effluent comprising olefins, the pyrolysis furnace comprising a radiant

section and a convection section.

2, Process of claim 1, wherein steam is added at any step or steps prior to step (f).
3. Process of claim 2, wherein the steam is superheated in the convection section
of the pyrolysis furnace.

4. Process of any preceding claim, wherein steam is added between steps (b) and

(c) by indirect contact with flue gas in a first convection section tube bank of the

pyrolysis furnace before mixing with steam.



fl ash/ separation vessel; (d) separating the contam nated hydrocarbon
feedstock blend into a non- volatile conponent and coke precursor depleted
vapor phase and a liquid phase rich in non-volatile conponents and/or coke
precursors; (e) renoving the vapor phase fromthe flash/separation vessel;
and (f) cracking the vapor phase in a radiant section of a pyrolysis furnace
to produce an effluent conprising olefins, the pyrolysis furnace conpri sing
a radiant _ section and a convection section. 2. Process of claim1l, wherein
steam i s addedPmees®f cliag. yherpieihs tgppesturepfdbepprtaminated hypraseden of cl ai m
2, wherei [ Nt ' Lpn. of the
pyro|ysisﬂ?§$§§§§$&ﬁhaﬁ??@ﬁgéﬁﬁﬁgﬁﬁ§ﬁ§Pé§§3§%ﬂyﬁﬁgpﬁﬁ°@ﬁg%lﬁﬁbgieanmis added

bet ween singfifig (With theSlearh @hd e doptintigsttd Badtbasbonebdstddkidetbss théh a first
convection section tube bank of the pyrolysis furnace before mxing with

steam - 2Buthst haateste gseegnddemppiaire higapethan thedirstdppperatuge before stentc).
contam nated hydrocarbon feedstock blend is at a first tenperature from 150
to 340C (300 to 650F) before mnmxing with the steam and the contani nat ed

hydrocar ben f ePaetQai ahy prededifig than, whateihkehm s ai e thahavhoe phsbetignper at ur e
hi gher than the first tenperature before step(s). 6. Process of any
pr ecedi ngtheitep pertian of Bierlashiseparationaeaset anddor sheany ispdeedivabe vaper phase t op

portion 050&, S e&%&}gﬁﬁﬁsﬁgﬁgﬁ%ﬁ%%{;%%‘g%%ﬁl and/or steamis added to the vapor

phase downstrea ation vessel. 7. Process of any
preceding claim wherein the contam nated hydrocarbon feedstock blend is
m xed with a hydrocarbon and/or water fluid in addition to steam prior to
step (d).78. PPoeesoieny arppeding cbinnghertiaiths contanisated dafdwchdany hydrocar bon

f eedst ock._l.ncreases. a I t.he _cont am nat ed, hydr ocar.hon feedst ock bl end
by at |ea eted%ﬁ%yeglf”}@ﬁ)m?{?%m?% W@%&%%@@@W&Fﬁfﬁ‘f‘gﬂ‘ qdlg By&*8car bon

f eedst ockprié: toBtepq@gs of any preceding claim wherein said heavy hydrocarbon
f eedst ock

8. Process of any preceding claim, wherein said heavy hydrocarbon feedstock
increases a Tos of the contaminated hydrocarbon feedstock blend by at least 14°C

(25°F) from a Tys of the contaminated light hydrocarbon feedstock.

9. Process of any preceding claim, wherein said heavy hydrocarbon feedstock

comprises between 2 and 75 wt.% of the contaminated hydrocarbon feedstock blend.

10.  Process of any preceding claim, wherein the heavy hydrocarbon feedstock
comprises one or more of residues, crude oil, atmospheric pipestill bottoms, vacuum
pipestill streams including bottoms, heavy non-virgin hydrocarbon streams from
refineries, vacuum gas oils, atmospheric residue, low sulfur waxy residue, and heavy
residue and/or wherein the contaminated light hydrocarbon feedstock comprises one
or more of gas oils, heating oil, jet fuel, diesel, kerosene, gasoline, coker naphtha,
steam cracked naphtha, catalytically cracked naphtha, hydrocrackate, reformate,
raffinate reformate, Fischer-Tropsch liquids, Fischer-Tropsch gases, natural gasoline,
distillate, virgin naphtha, wide boiling range naphtha to gas oil condensates, and

heavy gas oil; and further comprises non-volatile components and/or coke precursors.



conprises between 2 and 75 wt . % of the contam nated hydrocarbon feedstock
bl end. 10. Process of any preceding claim wherein the heavy hydrocarbon
feedst ock conprises one or nore of residues, crude oil, atnospheric
pi pestill bottonms, vacuum pipestill.ggreans including bottons, heavy
hon-vi rgin hydrocarbon streans from refineries, vacuumgas oils,
at nospheric residue, |low sul fur waxy residue, and heavy residue and/or
wherein the contam nated |ight hydrocarbon feedstock conprises one or nore
of gas oilk, hBweess@fany proceding glaim, whereis the heavydwhwcapgn deqdsiock coker

a

napht ha, L | acked napht ha,
hydr ocr acﬁ&bﬁﬂ%%@&ﬁg&%@ raopg?tﬁg‘?&e/g# é‘#lggﬁ)?n%({%s,&“l{:i scher-Tropsch |iquids,
Fi scher-Tropsch gases, natural gasoline, distillate, virgin naphtha, w de

boi l i ng range naphtha to gas_oil_ condensates, and heavy gas, oil; and
further cbipriBwsessodapypiacpding slpowbereld sisRdcheorepikees prexiyrisgithe - 26- 11

Process OEoﬂBXmeeﬁ% ld%%b%h%é@s&o‘é@%fe&}i @a&g@%lﬁeﬁﬁfa%¥h@ﬂm%6&?§& {g,eﬁg?éi“ ock

COI’TpI’iSGS non-vol atrlie conponents and/ or “Coke “precur sors: ocess of any

pr ecedi ngtiebwghrat leseesal sidsingd ldoajed 4o e sidas shidl fladisepagidnnessetont am nat ed
hydr ocar bon feedstock blend tangentially to the flash/separation vessel
through at | east one side inlet |located in the side of said flash/separation
vessel . 13, Pr f - I j Nt i nat ed

v ocar oo 1 aersengBlecRiRE SRl e MARMBL AL ISR T e gas i n

a second geAueet blead istRatdddy ihdiket bankct ofith e g ik ¥edoad leuhiviatien bef ore step
(c). 14. Process of an% precedi.ngggl aim wherein the tenperature of the

cont ani nasesdon fhgrhssk pbtie myselyys Herags befae stgpdedep (c) is from 205 to 560C
(400 to 1040F). 15. Process of any preceding claim wherein in step (d) the
pressure is from275 to 1380 kPa (40 to 200 psia) and/or wherein 50 to 98

percent ofi4t hepaRrpisaifaf@pesteding ¢l@avhasinf (Be dedpredtutel Tk échtdniinkieg vapor
phase. 16. Process of any precedi n&épl aim wherein the va&%ré phase

t enper at ubedreparben frgdsteelebleadiinasiep €2 tfram 265 ta pRO°BYHO0 Y1 FEE nace is from
425 to 705C (800 to 1300F). 17. Process of any preceding claim further
conprising quenching the effluent and recovering cracked product therefrom

15.  Process of any preceding claim, wherein in step (d) the pressure is from 275 to
1380 kPa (40 to 200 psia) and/or wherein 50 to 98 percent of the contaminated
hydrocarbon feedstock blend is in the vapor phase.

16.  Process of any preceding claim, wherein the vapor phase temperature entering
the radiant section of the pyrolysis furnace is from 425 to 705°C (800 to 1300°F).

17.  Process of any preceding claim, further comprising quenching the effluent and

recovering cracked product therefrom.



